This paper presents a new metric for slowly rotating charged Gauss-Bonnet black holes in higher dimensional anti-de Sitter spaces. Taking the angular momentum parameter a up to second order, the slowly rotating charged black hole solutions are obtained by working directly in the action.
and of charged solutions in Ref [17] . Recently the quasinormal mode of a scalar field in five dimensional Lovelock black hole spacetime for different angular quantum numbers l has been obtained in [18] . Liu [19] studied the electromagnetic perturbations of black holes in Gauss-Bonnet gravity.
It is of interest to generalize these static Gauss-Bonnet solutions by including the effects of rotation. This problem has been considered recently in [23] within a perturbative approach. It is worth mentioning that, for the Gauss-Bonnet action, the resulting field equations, obtained after variation with respect to the metric tensor, have seven terms. While the resulting field equation for third order Lovelock gravity contains thirty-four terms. However, by working directly in the action, the exact static Gauss-Bonnet black hole solutions were obtained [12] [13] [14] [15] [16] , and third order Lovelock black hole solutions in [20] [21] [22] . Using the same approach, in this paper, we want to obtain the slowly rotating black hole solutions in Lovelock gravity. Apparently the lowest level contribution of rotation should be proportional to a 2 . Hence, linearly dependent on a, the metric demonstrated in Ref [23] can not be adopted in this case. So, we need to find a proper metric ansatz up to a 2 .
This paper is organized as follows. In Section 2, we present a new form metric and obtain slowly rotating charged black hole solutions by working directly in the action. Then we discuss some related thermodynamic properties of black holes. Section 3 is devoted to a summary of the results.
II. SLOWLY ROTATING CHARGED GAUSS-BONNET BLACK HOLES A. A new metric and Rotating black holes
In general relativity, the higher dimensional generalization of the Kerr-AdS black hole solutions can be found in [24, 25] . It is expressed as in the Boyer-Lindpuist type coordinate
Setting a = 0, we find that metric Eq. l 2 with f (r), we obtain a new metric when all terms involving a 3 and higher powers in a are ignored
where parameter a 2 is a small quantity and the functions f (r) and p(r) satisfy the relation
. Simplification for future, we order f (r) and p(r) are two independent variables. Besides, taking the parameter a up to the first order, the metric Eq. (3) becomes the counterpart in Ref [23] .
The action for Gauss-Bonnet theory with negative cosmological constant
where α is the Gauss-Bonnet coefficient with dimension (length) 2 and is rescaled with
in future. Note that the Lagrangian of Lovelock gravity is the sum of dimensionally extended Euler densities, and then, the Lagrangian of Gauss-Bonnet term also can be expressed as [15] 
Here, all non-vanishing components of Riemann tensors (up to a 2 ) can be expressed as
kl is in the absence of a andR ij kl is proportional to a 2 . Moreover, based on the relationship of indexes, these Riemann tensors also can be classified into three groups:
(I) diagonal form Rˆiĵîĵ, (II) off-diagonal form proportional to a and (III) off-diagonal form proportional to a 2 . For group (I), we find that the Riemann tensorsR
andR ij ij are all absent from parameter a. They can be represented asR
which is independent to the dimensions D. Some of key steps are given in appendix. Denoted the Lagrangian of Gauss-Bonnet term from the contribution of the case (I) by L d , it can be written as 
Inspecting the off-diagonal Riemann tensors, we calculate the parts of Lagrangian from the off-diagonal Riemann tensors in case (II)
where L od1 = 4(R ,
It is interesting to note that the contribution of off-diagonal Riemann tensors in case (III)
vanishes following the properties of the Kronecker delta symbol. In addition, the Ricci scalar R is given by
whereR is equal to − 6f ′ (r) r
− f ′′ (r) andR is proportional to a 2 and shown in appendix.
Since the black hole rotates along the direction φ, it will generate a magnetic field. If we considering this effect, the gauge potential can be chosen
where A t = Qh(r) + a 2 cos 2 θQk(r), A φ = −a sin 2 θQc(r). Therefore the nonzore contravariant component of the electromagnetic field tensor can be written as
By substituting the ansatz Eq. (3) and tensors of electromagnetic field Eq. (13) into the action Eq. (4), the action becomes
Firstly, varying the action Eq. (14) with regard to the function k(r), we find the solution
Hence, we obtain
where C 1 and C 2 are two integration constants. We choose C 1 = 0 and C 2 = 
Taking the variation of the action Eq. (14) with regard to the function p(r), we arrive at
If supposing the coefficient of function p(r) vanishes, we find that, for h(r) = 
Moreover, the Eq. (18) reduces to
where ω(r) = (1 − f (r))/r 2 . Based on the Ref. [23] , the function p(r) is given by
and c(r) is
by taking constant C 3 = (D − 1)m. Apparently the functions f (r) and p(r) satisfy the
Furthermore, varying the action with regard to the electromagnetic field h(r), we have
We can obtain k(r) = − 1 4π(D−3)r D−1 where integral constants are all ignored. Therefore, the tensor of electromagnetic field are given as
Furthermore, it is easy to verify that the expressions for functions f (r) Eq. (20) 
B. Thermodynamics of black holes
The Killing vectors can be used to give a physical interpretation of the parameter m and a. Following the analysis given in [25] [26] [27] [28] , one can obtain coordinate-independent definitions for these parameters. We have the integral
where the integrals are taken over the (D − 2)-sphere at spatial infinity,
To justify the definitions Eq. (25), we can calculate the integrands in the asymptotic region r → ∞. For the dominant terms in the asymptotic expansion we have
We perform the integration over a (D − 2)-sphere at r → ∞. It gives
In addition, if a = 0, the black hole does not rotate and the metric represents a spherically symmetric charged black hole with a spherically symmetric electric field. If the black hole rotates a = 0, the electric field is supplemented by a magnetic field due to the dragging of the inertial reference frames into rotational motion around the black hole.
III. CONCLUDING REMARKS
In present paper, we proposed an new metric and then obtained the slowly rotating 
